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7KLVGHFOLQHUHIOHFWVFRQWLQXHGDJULFXOWXUDOPRGHUQLVDWLRQDQGPHFKDQLVDWLRQZLWKJURZLQJ270 
QDWLRQDOZHDOWKDVVRFLDWHGZLWKDSHDNDQGWKHQDGHFOLQHLQWKHSURSRUWLRQRI8.*'3DQG271 
ODERXUIRUFHLQYROYHGLQDJULFXOWXUH 272 
7KHVHWUHQGVDUHDOVRVXSSRUWHGE\ERWKWKH'&$6XSSOHPHQWDU\)LJXUH6DQG3&$273 
6XSSOHPHQWDU\)LJXUH6UHVXOWV0RVWRIWKHGDWDYDULDQFHOLHVLQWKHILUVWD[LV'&$274 
HLJHQYDOXHRID[LVOHQJWKRI3&aRIYDULDQFHDQGVKRZVDVKLIWIURP275 
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DQLQLWLDOVWDWHDVVRFLDWHGZLWKORZHU\LHOGVKLJKLQSXWVLQFOXGLQJODERXUDQGIHUWLOLVHUKLJK276 
ULYHUDWPRVSKHUHSROOXWLRQOLQNHGWRLQSXWVHJKLJKIHUWLOLVHUXVHDQGOLYHVWRFNKLJKHU277 
LQFRPHORZHUVXEVLGLHVDQGIRRGSULFHVWRDQHZVWDWHZLWKKLJKHU\LHOGVORZHULQSXWVDQG278 
ULYHUDWPRVSKHUHSROOXWLRQORZHUIDUPHPSOR\PHQWDQGLQFRPHDQGKLJKHUVXEVLGLHVDQG279 
IRRGSULFHV:HLQWHUSUHWWKLVDVSULPDULO\UHIOHFWLQJERWKWKHPRGHUQLVDWLRQDQG280 
FRPPHQFHPHQWRIVXVWDLQDEOHLQWHQVLILFDWLRQRI(QJOLVKDJULFXOWXUHGXULQJWKHVWXG\WLPH281 
SHULRG7KHUHDUHDOVRFRQWULEXWLRQVWR'&$DQG3&IURPLQFUHDVLQJSRSXODWLRQLQFUHDVLQJ282 
WHPSHUDWXUHVDQGWKHFRQWLQXDOGHWHULRUDWLRQRIIDUPODQGELRGLYHUVLW\'&$DQG3&283 
H[SODLQVPXFKOHVVRIWKHGDWDYDULDQFH'&$HLJHQYDOXHRID[LVOHQJWKRI284 
3&aRIYDULDQFHDQGKDYHGLIIHULQJFRQWULEXWLRQVIURPHDFKYDULDEOHZLWKQR285 
REYLRXVRYHUDOOLQWHUSUHWDWLRQ'&$LVQRWDEOHWKRXJKIRUWKHVWURQJRSSRVLWLRQRIULYHU286 
QXWULHQWFRQWDPLQDWLRQYHUVXVUDLQIDOODQGVRLOHURVLRQZKLFKFRXOGSRWHQWLDOO\DULVHIURP287 
KLJKUDLQIDOO\HDUVEHLQJDVVRFLDWHGZLWKGLOXWHGFRQWDPLQDWLRQEXWKLJKHUVRLOHURVLRQ 288 
3.2. Regional Differences 289 
5HJLRQDO=VFRUHWLPHVHULHV3&$'&$DQGFRUUHODWLRQDQDO\VHVVKRZWKDWWKH290 
WUHQGVDQGFRUUHODWLRQVRIWKHNH\YDULDEOHVRIWKH(DVWHUQ(QJODQGDQG6RXWK:HVWHUQ291 
(QJODQGDJURHFRV\VWHPVDUHPRVWO\VLPLODUWRWKHDOO(QJODQGDQDO\VHVEXWWKDWWKHUHDUH292 
VRPHGLIIHUHQFHV,QFRQWUDVWWRWKHDOO(QJODQGDQDO\VLVLQRXUH[WUDSRODWHGVRLOHURVLRQ293 
LQGH[DUDEOH(DVWHUQ(QJODQGH[SHULHQFHVUHODWLYHO\KLJKVRLOHURVLRQUDWHVGXULQJWKHV294 
DQGHDUO\VIROORZHGE\DGHFOLQHZKLOHSDVWRUDO6RXWK:HVWHUQ(QJODQGDSSHDUVWRKDYH295 
KDGRYHUDOOLQFUHDVLQJVRLOHURVLRQUDWHVVLQFHWKHHDUO\V6XSSOHPHQWDU\)LJXUHV6	296 
6(DVWHUQ(QJODQGDOVRH[SHULHQFHVDQHDUOLHUDQGKLJKHUSHDNLQHQYLURQPHQWDO297 
GHJUDGDWLRQEHIRUHVXEVHTXHQWO\VKRZLQJDVWURQJHUUHFRYHU\WKDQWKHUHVWRI(QJODQGDQG298 
UDLQIDOOWUHQGVDOVRGRQRWFRUUHODWHDVZHOOZLWKRWKHUYDULDEOHVLQ(DVWHUQ(QJODQG299 
6XSSOHPHQWDU\)LJXUHV6	65HJLRQDO3&$DQG'&$UHVXOWVDUHPRVWO\VLPLODUWRWKH300 
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DOO(QJODQG3&$UHVXOWVZLWK3&FRQWDLQLQJVLPLODUWUHQGVDQGDFFRXQWLQJIRUaDQG301 
aRIWKHGDWDYDULDQFHLQ(DVWHUQDQG6RXWK:HVWHUQ(QJODQGUHVSHFWLYHO\DQG3&302 
H[SODLQLQJDQDGGLWLRQDOaDQGaUHVSHFWLYHO\6XSSOHPHQWDU\)LJXUHV66	303 
66+RZHYHULQ(DVWHUQ(QJODQGVRLOHURVLRQLQFUHDVHVZLWKSRVLWLYH3&YDOXHV304 
UHIOHFWLQJWKHJUDGXDOUHGXFWLRQLQVRLOHURVLRQRYHUWLPHLQFRQWUDVWWRDOO(QJODQGDQG3&305 
DOVRUHIOHFWVKLJKHUUDLQIDOODQGWHPSHUDWXUHDORQJZLWKKLJKHUDWPRVSKHULFHPLVVLRQVZKHDW306 
\LHOGDQGVRLOHURVLRQLQWKHQHJDWLYHGLUHFWLRQ(DVWHUQ(QJODQGGLIIHUVPRUHIURPDOO307 
(QJODQGWKDQ6RXWK:HVWHUQ(QJODQGLQDOODQDO\VHVZKLFKDORQJZLWKWKHUDLQIDOODQGVRLO308 
HURVLRQWUHQGVZHVXJJHVWLVEHFDXVHPRVWRI(QJODQGPRUHFORVHO\UHVHPEOHVWKHPL[HGDQG309 
SDVWRUDOIDUPLQJRI6RXWK:HVWHUQ(QJODQGZLWKKLJKHUUDLQIDOODQGPRUHYDULDEOHWRSRJUDSK\310 
IDOOLQJLQWKHODUJHU&HOWLFEURDGOHDIIRUHVW::)HFRUHJLRQWKDQWKHLQWHQVLYHDUDEOH311 
DJULFXOWXUHFRQFHQWUDWHGLQGULHUDQGORZHUO\LQJ(DVWHUQ(QJODQGPRVWO\IDOOLQJLQWKH312 
VPDOOHU(QJOLVKORZODQGEHHFKIRUHVW::)HFRUHJLRQ0RUWRQHWDO2OVRQHWDO313 
(DVWHUQ(QJODQG¶VHDUOLHUDQGKLJKHUSHDNLQHQYLURQPHQWDOGHJUDGDWLRQLPSOLHVWKH314 
UDSLGLQWHQVLILFDWLRQRIDUDEOHDJULFXOWXUHLQWKLVUHJLRQKDGVWURQJHULPSDFWVWKDQLQ6RXWK315 
:HVWHUQ(QJODQGEXWWKDWWKHVHLPSDFWVKDYHQRZPRVWO\DEDWHG+RZHYHURXUDQDO\VLVGRHV316 
QRWLQFOXGHPRUHQRYHOLPSDFWVRILQWHQVLYHDJULFXOWXUHVXFKDVUHFHQWHYLGHQFHRISRWHQWLDOO\317 
KDUPIXOOHYHOVRIULYHULQHQHRQLFRWLQRLGDFRQWURYHUVLDOLQVHFWLFLGHFRQWDPLQDWLRQFOXVWHUHG318 
LQ(DVWHUQ(QJODQG6KDUGORZ 319 
4. Environmental Kuznets Curves and Degradation µ2IIVKRULQJ¶ 320 
(QYLURQPHQWDOGHJUDGDWLRQDSSHDUVWRIROORZWKHWUDMHFWRU\RIDQ(.&LQERWKWKH321 
ZKROH(QJOLVKDJURHFRV\VWHPDVZHOODVLQERWK(DVWHUQDQG6RXWK:HVWHUQ(QJODQG%RWK322 
ZKHDW\LHOGDQGGHJUDGDWLRQLQFUHDVHXSWR8.*'3SHUFDSLWDSHUDQQXPRIaEHIRUH323 
GHJUDGDWLRQGHFOLQHVZLWKIXUWKHULQFUHDVHVLQ*'3ZKLOHZKHDW\LHOGVVWDELOLVHDOWKRXJK324 
OLYHVWRFNGHFOLQHVDVDUHVXOWRIWKHIRRWDQGPRXWKRXWEUHDNVHH6HFWLRQ)LJXUH325 
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$VDUHVXOWHQYLURQPHQWDOGHJUDGDWLRQLQWKH(QJOLVKDJURHFRV\VWHPSDUWLDOO\IROORZVD326 
FODVVLF(.&WUDMHFWRU\'LQGDZLWKVRLODLUDQGZDWHUGHJUDGDWLRQEXWQRW327 
ELRGLYHUVLW\ULVLQJZLWKHFRQRPLFGHYHORSPHQWEHIRUHGHFOLQLQJSDVWDFULWLFDOWKUHVKROGDV328 
PRUHHIILFLHQWWHFKQRORJLHVDQGSUDFWLFHHJRQHSDVVV\VWHPVQHZFURSYDULHWLHVLQWHJUDWHG329 
SHVWPDQDJHPHQW%DXOFRPEHHWDODQGHQYLURQPHQWDOUHJXODWLRQHJ1LWUDWH330 
9XOQHUDEOH=RQHVDUHHVWDEOLVKHG7KHJDSEHWZHHQIDOOLQJHQYLURQPHQWDOGHJUDGDWLRQDQG331 
VWDEOH\LHOGVUHODWLYHWR*'3)LJXUHSURYLGHVFOHDUHYLGHQFHWKDWVRPHGHJUHHRI6,KDV332 
WDNHQSODFHDV\LHOGVKDYHEHHQPDLQWDLQHGZLWKDVPDOOHUHQYLURQPHQWDOIRRWSULQWZKLOVW333 
RYHUDOOSURVSHULW\KDVFRQWLQXHGWRJURZ+RZHYHUWKLVRYHUDOOWUHQGLVQRWUHIOHFWHGE\334 
IDUPODQGELRGLYHUVLW\ZKLFKFRQWLQXHVWRGHFOLQHGHVSLWHHFRQRPLFJURZWKDQGVRGLVSOD\VQR335 
.X]QHWV&XUYHEHKDYLRXULWVHOI6,WHQGVWREHDVVRFLDWHGZLWKJUHDWHUUHVRXUFHXVHHIILFLHQF\336 
ZKLFKFDQJHQHUDWHDFOHDQHUHQYLURQPHQWEXWQRWQHFHVVDULO\DPRUHELRGLYHUVHRQH)LUEDQN337 
$GGLWLRQDOO\KDYLQJLQFUHDVHGWRDSHDNLQWKHHDUO\VZLWKLQWHQVLILFDWLRQVLQFH338 
WKHPLGV8.DJULFXOWXUDOVHOIVXIILFLHQF\KDVGHFOLQHGIURPaWRaIRUDOOIRRG339 
RUaWREHORZIRUMXVWLQGLJHQRXVW\SHIRRG'()5$ELQGLFDWLQJWKDWVRPH340 
RIWKH8.¶VDJULFXOWXUDOLPSDFWKDVHIIHFWLYHO\EHHQRIIVKRUHGWRRWKHUDJURHFRV\VWHPVDVD341 
UHVXOWRIJOREDOLVDWLRQ)LJXUH	6XSSOHPHQWDU\)LJXUH67KLVLPSOLHVWKDWHQYLURQPHQWDO342 
GHJUDGDWLRQPD\QRWKDYHGHFOLQHGVRPXFKRUDWDOOLIWKH8.KDGPDLQWDLQHGRULQFUHDVHG343 
VHOIVXIILFLHQF\LQIRRGSURGXFWLRQEHWZHHQDQG7RJHWKHUZLWKSRRUELRGLYHUVLW\344 
WUHQGVWKLVLQGLFDWHVWKDWRQO\SDUWLDO6,KDVEHHQDFKLHYHGLQWKH8.LQWKLVWLPHDQGWKDWLQ345 
RUGHUWRUHDFKERWKUHJLRQDODQGJOREDOVDIHRSHUDWLQJVSDFHVIRUDJURHFRV\VWHPVIXWXUH6,346 
ZLOOQHHGWRERWKKDOWELRGLYHUVLW\ORVVDQGHQVXUHGDPDJLQJSUDFWLFHVDUHQRWVLPSO\347 
RIIVKRUHGWRSRRUHUFRXQWULHVZLWKZHDNHUUHJXODWLRQV2QWKHUHJLRQDOVFDOHGHJUDGDWLRQLQ348 
6RXWK:HVWHUQ(QJODQGPDWFKHVWKHWUDMHFWRU\RIDOO(QJODQGIDLUO\FORVHO\GHVSLWHDQ349 
DSSDUHQWUHVXUJHQFHLQ(',LQGXHWRDQRPDORXVO\DQGSRWHQWLDOO\XQUHOLDEO\KLJK350 
H[WUDSRODWHGVRLOHURVLRQLQWKH5LYHU([HZKHUHDVHQYLURQPHQWDOGHJUDGDWLRQLQ(DVWHUQ351 
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(QJODQGRFFXUVPRUHUDSLGO\DQGWKHQVXEVHTXHQWO\LPSURYHVE\DJUHDWHUGHJUHHWKDQ6RXWK352 
:HVWHUQRUDOO(QJODQG7KLVIXUWKHULOOXVWUDWHVWKHJUHDWHUDQGPRUHUDSLGLPSDFWRQWKH353 
HQYLURQPHQWRIDUDEOHLQWHQVLILFDWLRQYHUVXVWKHLQWHQVLILFDWLRQRIPL[HGRUSDVWRUDOIDUPLQJ354 
HOVHZKHUH 355 
5. Conceptual Modelling 356 
5.1. Model Development 357 
)ROORZLQJWKHGDWDDQDO\VLVZHGHYHORSHGDVLPSOHV\VWHPG\QDPLFVPRGHOXVLQJWKH358 
9HQVLP3/(SODWIRUP9HQWDQD6\VWHPV,QFLQRUGHUWRIXUWKHUHYDOXDWHRXU359 
XQGHUVWDQGLQJRIWKHUHODWLRQVKLSVZLWKLQWKH(QJOLVKDJURHFRV\VWHPDQGWKHLPSDFWVRIWKH360 
FKDQJLQJQDWXUHRILQWHQVLILFDWLRQEHWZHHQDQG6LPSOHV\VWHPG\QDPLFVPRGHOV361 
DUHDXVHIXOZD\WRUDSLGO\H[SORUHRXUXQGHUVWDQGLQJRIDG\QDPLFDOV\VWHPXVLQJUHODWLYH362 
WUHQGVUDWKHUWKDQDEVROXWHTXDQWLWLHVHJ0HDGRZV0HDGRZVHWDO:H363 
UHVWULFWHGWKHUHODWLRQVKLSVLQWKHPRGHOWRWKRVHWKDWDUHERWKDFRPPRQO\SURSRVHGDV364 
FDXVDWLYHLQWKHOLWHUDWXUHDQGIURPH[SHUWMXGJHPHQWDQGEVKRZHGVWDWLVWLFDOO\VLJQLILFDQW365 
FRUUHODWLRQVLQRXUGDWDVHW7DEOH	6XSSOHPHQWDU\)LJXUH6LQRUGHUWRH[FOXGH366 
VSXULRXVFRUUHODWLRQV:HXVHVLPSOHOLQHDUUHODWLRQVKLSVDQGDSSUR[LPDWHGWUHQGVRIIHUWLOLVHU367 
XVDJHOLYHVWRFNSRSXODWLRQWHPSHUDWXUHUDLQIDOOIDUPVXEVLG\DQGIDUPLQFRPHLQRUGHUWR368 
GULYHFKDQJHVLQIDUPELRGLYHUVLW\\LHOGDWPRVSKHULFHPLVVLRQVVRLOHURVLRQULYHUQXWULHQW369 
FRQWDPLQDWLRQDQGLQSXWVSHQGLQJIRUWKHSHULRG)LJXUH(DFKYDULDEOH370 
FKDQJHVDFFRUGLQJWRWKHDYHUDJHGFKDQJHVRILWVLQSXWYDULDEOHV±IRUH[DPSOHFKDQJHVLQ371 
5LYHU1XWULHQW&RQWDPLQDWLRQDUHWKHDYHUDJHRIWKHFKDQJHVLQ)HUWLOLVHU8VDJH/LYHVWRFN372 
DQG5DLQIDOO±DQGDVVXPHVHTXDOZHLJKWLQJIRUHDFKLQSXW7KLVDVVXPSWLRQLVOLNHO\WREH373 
LQDFFXUDWHDVVRPHIDFWRUVZLOOEHPRUHLPSRUWDQWWKDQRWKHUVEXWLQWKHDEVHQFHRIIXUWKHU374 
LQIRUPDWLRQZHDVVLJQHTXDOZHLJKWLQJVDVDVWDUWLQJSRLQW7KHUHDUHVHYHUDOIDFWRUVPLVVLQJ375 
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IURPWKLVPRGHOZKLFKZHH[FOXGHGXHWRDODFNRIIXOOGDWDVHWVRUGLUHFWFRUUHODWLRQVVXFKDV376 
OHYHORIPHFKDQLVDWLRQDQGIRRGSULFHV7KHUHDUHQRFORVHGORRSVLQWKLVPRGHODQGVRQR377 
IHHGEDFNORRSVDUHH[SHFWHGWRRSHUDWH 378 
7KHPRGHOVXFFHVVIXOO\UHFUHDWHVWKHWUHQGVLQWKHQRQGULYHUYDULDEOHVIRUWKLVWLPH379 
SHULRG)LJXUH	)LJXUHZLWK\LHOGLQFUHDVLQJDQGWKHQSODWHDXLQJIDUPELRGLYHUVLW\380 
GHFOLQLQJDQGWKHQSODWHDXLQJERWKULYHUQXWULHQWFRQWDPLQDWLRQDQGDWPRVSKHULFHPLVVLRQV381 
SHDNLQJDQGWKHQGHFOLQLQJDVIHUWLOLVHUXVHDQGOLYHVWRFNSRSXODWLRQVSHDNVRLOHURVLRQ382 
VWD\LQJIDLUO\OHYHOLQWKHORQJWHUPDQGLQSXWVSHQGLQJGURSSLQJLQWKHV<LHOGLV383 
GHSHQGHQWRQDQRUPDWLYHµ6XVWDLQDEOH,QWHQVLILFDWLRQ¶YDULDEOHWKDWZHLQWURGXFHZKLFKKDV384 
WRFRQVWDQWO\LQFUHDVHLQRUGHUWRRIIVHWWKHLPSDFWRIGHFOLQLQJIHUWLOLVHUXVDJH,QWKLVFRQWH[W385 
6,UHSUHVHQWVLPSURYHGIHUWLOLVHUDSSOLFDWLRQSUDFWLFHVDQGRWKHULPSURYHPHQWVLQFURS386 
PDQDJHPHQWEXWLVQRWUHSUHVHQWHGE\DGLUHFWGDWDSUR[\LQRXUDQDO\VLVDQGVRKDVDQ387 
LPSRVHGOLQHDULQFUHDVHRYHUWLPH5HPRYLQJWKLV6,YDULDEOHUHVXOWVLQ\LHOGSHDNLQJDQGWKHQ388 
GHFOLQLQJLQOLQHZLWKIHUWLOLVHUXVDJH 389 
5.2. Future Projections 390 
,QRUGHUWRXVHWKHV\VWHPG\QDPLFVPRGHOIRUIXWXUHVFHQDULRH[SORUDWLRQIXUWKHU391 
K\SRWKHWLFDOUHODWLRQVKLSVWKDWDUHOLNHO\WRSOD\DUROHLQDIIHFWLQJIXWXUHWUHQGVDUHDGGHGWR392 
WKHPRGHOVKRZQE\WKHUHGDUURZVDQGYDULDEOHVLQ)LJXUHDQGEDVHGRQWKHSRVVLEO\393 
OLQNHGFDXVDOUHODWLRQVKLSVLQ7DEOHDQGSURMHFWHGWUHQGVIRUPRGHOGULYHUVLPSRVHG394 
LQFOXGLQJFRQVLVWHQWO\LQFUHDVLQJWHPSHUDWXUHDQHUUDWLFUDLQIDOOWUHQGVWDEOHVXEVLGLHV395 
XQFHUWDLQLQDSRVW%UH[LWFRQWH[WDQGVWDEOHEXWKLJKIRRGSULFHV)LJXUH:KLOHPHDQ396 
DQQXDOWHPSHUDWXUHDQG\LHOGDUHSRVLWLYHO\FRUUHODWHGLQRXUGDWDEHWZHHQDQGLW397 
LVOLNHO\WKDWIXUWKHUWHPSHUDWXUHLQFUHDVHVZLOOEHJLQWRUHYHUVHWKLVFRUUHODWLRQLQWKHIXWXUH398 
DQGVRZHPRGHOIXUWKHUWHPSHUDWXUHLQFUHDVHVWRKDYHQHWQHJDWLYHLPSDFWVRQ\LHOGV:H399 
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1. Climate Metrics 
 
Figure S1: Climate metrics (mean annual temperature and annual rainfall) for England between 1950 and 
2013 (Met Office, 2015). Mean Annual Temperature (unsmoothed) and Annual Rainfall (unsmoothed) are used 
for the England agroecosystem DCA, PCA, and correlation analyses as Climate-Temperature (Ct) and Climate-
Rainfall (Cr) respectively. 
 Figure S2: Climate metrics (mean annual temperature over the region and at Rothamsted, annual rainfall, 
and reconstructed riverflow of the River Great Ouse at Ely) for Eastern England between 1950 and 2013 (Jones 
et al., 2004; Met Office, 2015; Scott, 2014). Mean Annual Temperature (unsmoothed) and Annual Rainfall 
(unsmoothed) are used for the Eastern England agroecosystem DCA, PCA, and correlation analyses as Climate-
Temperature (Ct) and Climate-Rainfall (Cr) respectively.
 Figure S3: Climate metrics (mean annual temperature over the region, annual rainfall, and reconstructed 
riverflow of the River Exe) for Eastern England between 1950 and 2013 (Jones et al., 2004; Met Office, 2015). 
Mean Annual Temperature (unsmoothed) and Annual Rainfall (unsmoothed) are used for the South-Western 
England DCA, PCA, and correlation analyses as Climate-Temperature (Ct) and Climate-Rainfall (Cr) 
respectively.  
2. Agricultural Area, Yield, and Self-Sufficiency 
Figure S4: Phase plot showing the relationship between wheat yield (reflecting provisioning ecosystem 
services) and environmental degradation (reflecting regulating and cultural ecosystem services) through time. 
Wheat yield increases along with EDI until the mid-90s, after which yield remains high while EDI begins to fall. 
7KLVLOOXVWUDWHVWKHVKLIWIURPµJUHHQUHYROXWLRQ¶LQWHQVLILFDWLRQWRVXVWDLQDEOHLQWHQVLILFDWLRQ 
  
 Figure S5: Changes in English agricultural land use between 1950 and 2013 (DEFRA, 2014). Total 
agricultural area has gradually fallen throughout this time (dominated by reduced rough grazing and mirrored by 
gradual reforestation (Smith and Gilbert, 2001)), wheat has become the dominant cereal by acreage, oil seed 
rape and maize have become major crops, and many minor crops (e.g. potatoes, sugar beet, horticultural crops) 
have declined. This suggests WKDWµODQGVSDULQJ¶KDVSUHGRPLQDQWO\DIIHFWHGURXJKJUD]LQJDQGWKDWDUDEOHDUHDV 
have become more focused on wheat.  
 Figure S6: UK food self-sufficiency (i.e. food production to supply ratio, merged series) over time for 
both all food and indigenous type food (DEFRA, 2016). Self-sufficiency increased by nearly 20% during the 
agricultural intensification of the late 1970s and early 1980s, but has fallen since the mid-1990s during the time 
SI began to emerge in the England agroecosystem.  
3. All-England Data Analysis 
Figure S7: Z-score plot illustrating the socioeconomic parameters of the all-England, Eastern England, 
and South-Western England agroecosystems, with regional data shown where available. The population and 
agricultural labour headcount curves illustrates the declining proportion of agricultural employment in England 
and the regions of Eastern and South-Western England, while the food price indices, farm subsidies, and farm 
income illustrate the economic changes affecting agriculture across the UK in this time.  
 Figure S8: Biplot of the Principal Component Analysis (PCA) of the 17 key biophysical and 
socioeconomic variables of the England agroecosystem. Principal Component 1 (PC1) explains 54.1% of the 
data variance, while Principal Component 2 (PC2) explains a further 16.2%. Variables are labelled as in text, 
and the data-points represent sequential years (from 1980 to 2013, progressing from right to left with key years 
labelled).  
 Figure S9: Biplot of the Detrended Correspondence Analysis (DCA) of the 17 key biophysical and 
socioeconomic variables of the England agroecosystem, using the same variables plotted and labelled in Figure 
S10. The first axis (DCA1) explains most of the data variance (eigenvalue = 0.2278, axis length = 1.5235) and 
mostly reflects the increase in intensification over time, while the second axis (DCA2) explains relatively little 
variance (eigenvalue = 0.03905, axis length = 0.81272). Variables are labelled as in text, and the data-points 
represent sequential years (from 1980 to 2013, progressing from left to right). 
  
 Figure S10: Correlation matrix of biophysical and socioeconomic variables of the England agroecosystem. 
On the diagonal are univariate plots and kernel density plot (red line) of each variable, to the right of the 
diagonal are the pairwise pearson correlation coefficients of each variable pairing (number and font size) and the 
significance of this correlation (red stars), and to the left of the diagonal are the scatterplots and loess smoothing 
(red lines) for each variable pairing (standardised values, scales on axes). The red boxes indicate significant 
relationships we hypothesise to be causal rather than sharing a common driver or are coincidentally correlated 
(with dashed-red boxes indicating possible but uncertain causal relationships), from which we built data-driven 
models in Section 5.  
4. Eastern England Regional Data Analysis 
 
Figure S11: Z-score plot illustrating the impact of agricultural intensification on the biophysical 
parameters of the Eastern England agroecosystem. UK wheat yield (which is closely matched by Eastern 
England wheat yield where data is available (DEFRA, 2015, indicator B11)) is used as a proxy for key regional 
provisioning services, fertiliser and pesticide use is used as a proxy for agricultural inputs, and the 
Environmental Degradation Index is constructed from the mean of the proxies for regional riverine nutrient 
contamination (for the Anglian river basin district, includes Eastern England GOR), extrapolated soil erosion 
(reconstructed from the relative difference between suspended solids and biological oxygen demand in the River 
Great Ouse at Bedford), all-England farm biodiversity, and all-England atmospheric pollution between 1980 and 
2013. An overall Water Quality Index (the average of the Z scores for Nitrate, Orthophosphate, Ammoniacal 
Nitrogen, Biological Oxygen Demand (BOD), and Suspended Solids) is also plotted for the River Great Ouse at 
Bedford (Environment Agency, 2014). 
  
 Figure S12: Biplot of the Principal Component Analysis (PCA) of the 17 key biophysical and 
socioeconomic variables of the Eastern England agroecosystem, using the same variables plotted and labelled in 
Figure S5. Principal Component 1 (PC1) explains 61.9% of the data variance, while Principal Component 2 
(PC2) explains a further 14.1%. Variables are labelled as in text, and the data-points represent sequential years 
(from 1980 to 2013, progressing from right to left with key years labelled).
 Figure S13: Biplot of the Detrended Correspondence Analysis (DCA) of the 17 key biophysical and 
socioeconomic variables of the Eastern England agroecosystem, using the same variables plotted and labelled in 
Figure S5. The first axis (DCA1) explains most of the data variance (eigenvalue = 0.2314, axis length = 1.6309) 
and mostly reflects the increase in intensification over time, while the second axis (DCA2) explains relatively 
little variance (eigenvalue = 0.04545, axis length = 0.71522). Variables are labelled as in text, and the data-
points represent sequential years (from 1980 to 2013, progressing from left to right).
 Figure S14: Correlation matrix of biophysical and socioeconomic variables of the Eastern England 
agroecosystem. On the diagonal are univariate plots and kernel density plot (red line) of each variable, to the 
right of the diagonal are the pairwise pearson correlation coefficients of each variable pairing (number and font 
size) and the significance of this correlation (red stars), and to the left of the diagonal are the scatterplots and 
loess smoothing (red lines) for each variable pairing (standardised values, scales on axes). The red boxes 
indicate significant relationships we hypothesise to be causal rather than sharing a common driver or are 
coincidentally correlated (with dashed-red boxes indicating possible but uncertain causal relationships), from 
which we built data-driven models in Section 5. For Livestock we use population rather than outputs in the 
regional analyses due to lack of regional livestock output data.  
5. South-Western England Regional Data Analysis 
 
Figure S15: Z score plot illustrating the impact of agricultural intensification on the biophysical 
parameters of the South-Western England agroecosystem. Livestock population is used as a proxy for key 
regional provisioning services, fertiliser use is used as a proxy for agricultural inputs, and the Environmental 
Degradation Index is constructed from the mean of the proxies for regional riverine nutrient contamination (for 
the SW England river basin district, covers majority of SW England GOR), extrapolated soil erosion 
(reconstructed from the relative difference between suspended solids and biological oxygen demand in the River 
Exe), all-England farm biodiversity, and all-England atmospheric emissions between 1980 and 2013. 
Sedimentation data from Llangorse Lake in nearby South Wales (Bennion and Appleby, 1999) and Old Mill 
Reservoir in Devon (Foster and Walling, 1994) are also provided as potential proxies of longer term soil erosion 
trends within a similar meteorological and agroecosystem zone, but these are limited to localised catchments. 
An overall Water Quality Index (the average of the Z scores for Nitrate, Orthophosphate, Ammoniacal Nitrogen, 
Biological Oxygen Demand (BOD), and Suspended Solids) is also plotted for the River Exe (Environment 
Agency, 2014). 
  
 Figure S16: Biplot of the Principal Component Analysis (PCA) of the 17 key biophysical and 
socioeconomic variables of the South-Western England agroecosystem, using the same variables plotted and 
labelled in Figure S6. Principal Component 1 (PC1) explains 54.3% of the data variance, while Principal 
Component 2 (PC2) explains a further 15.9%. Variables are labelled as in text, and the data-points represent 
sequential years (from 1980 to 2013, progressing from right to left with key years labelled).  
 Figure S17: Biplot of the Detrended Correspondence Analysis (DCA) of the 17 key biophysical and 
socioeconomic variables of the South-Western England agroecosystem, using the same variables plotted and 
labelled in Figure S6. The first axis (DCA1) explains most of the data variance (eigenvalue = 0.2073, axis 
length = 1.5358) and mostly reflects the increase in intensification over time, while the second axis (DCA2) 
explains relatively little variance (eigenvalue = 0.03211, axis length = 0.83177). Variables are labelled as in 
text, and the data-points represent sequential years (from 1980 to 2013, progressing from left to right). 
 Figure S18: Correlation matrix of biophysical and socioeconomic variables of the South-Western England 
agroecosystem. On the diagonal are univariate plots and kernel density plot (red line) of each variable, to the 
right of the diagonal are the pairwise pearson correlation coefficients of each variable pairing (number and font 
size) and the significance of this correlation (red stars), and to the left of the diagonal are the scatterplots and 
loess smoothing (red lines) for each variable pairing (standardised values, scales on axes). The red boxes 
indicate significant relationships we hypothesise to be causal rather than sharing a common driver or are 
coincidentally correlated (with dashed-red boxes indicating possible but uncertain causal relationships), from 
which we built data-driven models in Section 5. For Livestock we use population rather than outputs in the 
regional analyses due to lack of regional livestock output data.  
6. Statistical Analysis ± General R Commands 
3ULQFLSDO&RPSRQHQW$QDO\VLV 
> PCA_data <- UHDGGHOLP&8VHUV8VHU«,QSXWGDWDW[W #import data from 
.txt file with Z score variables in columns with headers & no time column 
> PCA_results <- prcomp(PCA_data, center=TRUE, scale.=TRUE) #perform 
analysis 
> print(PCA_results) #display results 
> summary(PCA_results) #display results summary 
> biplot(PCA_results) #plot results 
'HWUHQGHG&RUUHVSRQGHQFH$QDO\VLV 
> install.packages("vegan") #install required package 
> PCA_Normaliseddata <- 
read.delim("C:/Users/User/«/Inputdata_Normalised.txt") #import data, 
requires data to be normalised 0 to 1 in each column 
> DCA_results <- decorana(PCA_Normaliseddata) #perform analysis 
> summary(DCA_results) #display results summary 
> plot(DCA_results) #plot results 
&RUUHODWLRQ$QDO\VLV 
> install.packages("PerformanceAnalytics") #install required package 
> COR_results <- cor(PCA_data, use="all.obs", method="pearson") #perform 
analysis 
> COR_results #display results 
> chart.Correlation(PCA_data, histogram=TRUE, pch=19) #plot correlation 
matrix 
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